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THE VIBRATIONAL CONSTANTS ACETYLENE! 


Abstract 


the basis the work done Darling and Dennison the water vapor 
molecule, the vibrational constants acetylene are calculated, taking into 
account the resonance interaction arising from the near equality the funda- 
mentals and Seventeen band centers are known experimentally. The 
band centers depend the constants and which are functions the 
potential constants. The expressions for the vibrational energies the band 
centers are set up, those for interacting doublets triplets being found per- 
turbation methods. The constants are determined and the positions eight 
bands calculated check the results. The agreement very satisfactory. The 
positions other bands not yet observed are predicted. 


Introduction 


The rotation vibration spectrum the acetylene molecule has been studied 
many investigators such Levin and Meyer (6), Herzberg and 
Spinks (5), Funke and Herzberg (2), Glockler and 


Morrell (3), and Mecke and Ziegler has been definitely 
shown from the spectrum that the molecule linear and symmetrical. There 
are five normal modes vibration, shown Fig. 

the Raman spectrum there are two strong lines 1973.8 and 3373.7 
which can attributed and respectively. weak Raman 
doublet 589 and 646 has been interpreted the two branches the 
third Raman active vibration, 

the infrared two strong absorption bands 3287 and 729.1 
are found, and are due and respectively. third band 1328.1 

may noted that some the earlier authors used different notations. 
The nomenclature used this paper that adopted Herzberg (4), and 
not that used Darling and Dennison (1). 

The ordinary and photographic infrared regions have many other com- 
bination bands. The assignment the overtone bands has been the subject 
many discussions, one the latest these being that given (8). 
all the work done far there have been discrepancies when constants 
calculated from some the bands have been used calculate positions 
other bands. 

Manuscript received March 18, 1948. 
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was suggested Herzberg (4) that these discrepancies might due 
being equal. Since the values the fundamentals and are very close 
together, this perturbation may expected fairly strong. 


This not first order resonance effect since and possess different 
symmetry properties. linear symmetrical molecule the only normal 
vibrations that may occur are those belonging the species 
and the case acetylene, belongs the species and the 
species That is, one unchanged for reflection the center the 
molecule, and the other changes sign. Therefore the first class characterized 
being even integer, and the other being that may 
Overtone bands this type are observed the spectrum acetylene, for 
example, and (00300) found 9835.1 and 9639.8 and (21100) 
and (01300) 11782.9 and 11600.1 


successful calculation the energy values the water vapor molecule, 
taking into account the resonance between and has been carried out 
Darling and Dennison (1). Although the acetylene molecule linear, and 
the water vapor molecule nonlinear, the calculations for the two are very 
similar. The method calculation follows. 


The expression for the Hamiltonian function that given Darling and 
Dennison, namely, 


V H Cc H 
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The are the components the total angular momentum, the are 
the components the vibrational angular momentum, the are the 
components determinant that contains the moments inertia; and the 
are the momenta conjugate the normal co-ordinates, 


expression for the vibrational energy found, using perturbation 
theory. obtain the expression for the energies perturbing levels 
doublets and triplets, the method used diagonalize the portion the 
Hamiltonian matrix which contains the interacting states. 


The Vibrational Energy 


For all bands considered, and are equal zero, that and 
alone are present. obtain the position the band centers the com- 


ponents the total angular momentum, P,, are set equal zero. The 


remaining Hamiltonian then becomes, for water vapor: 


The potential written power series the normal co-ordinates, 
and must necessarily even 


obtain the expression for terms the dimensionless variables 
the following substitutions are made. Since 


write 


The w,’s are the normal frequencies. 


Therefore 


The quadratic terms constitute the zero order potential, the cubic terms 
constitute the first order potential, and the quartic terms constitute the 
second order potential. 


Wit 
and 
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The zero order Hamiltonian equation written 


3 
replace 


which equal 
since 


replaced 
that the may written 


separable equations the form 


The solution the equation 


W; = he(v; + 4)a;. 


where 


and 


The zero order wave function given 


The zero order energy written 
usually replaced Therefore, 


with 


yo 


0g: 
h Ox; 
dx; = wie 
x x2 x3 
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The first order correction the energy given 


where 


Therefore 


Upon integrating, each term found equal zero, hence the first order 
correction the energy zero. 


The second order correction the energy given 


axb 


the wave function for the state 


The first term when integrated gives 


The second term expanded into the expression 
Each integral considered separately and the values which 


give nonzero result are found. Let represent and 


represents integral found have nonzero values for 


and respectively, each are found have nonzero values for six sets 
u-values. 
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The for the same values must collected and substituted 
and collecting, the terms with equal powers the v’s are collected. The 


result added the term gives the second order correction the 
energy. 


into which gives rise terms. After squaring 
axb 


The complete expression for the energy may written 


the summation all constant terms: X;, X;;, and have the same 
form for water vapor (1, 132). 
The Resonance Interaction Doublets 


The consideration the resonance interaction between the states 
v3) and ve, does not affect the calculation the constants. 
The determinant containing the interacting states for doublet 


the total Hamiltonian, and second order approximation given 
the same order approximation given 


WV; = Vv + AY, + we W, m 


Similarly 


The expression for given 


the expansion, terms are taken only second order approximation. 
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The first term, given 


upon integration reduces 


The second term consists two factors, each depending 


The terms each factor having the same v-values give rise nonzero 
products. The resonance between and due the near equality 
the fundamental frequencies and These frequencies may assumed 


the expression for 


becomes 


2 4 8 (2a We) 8 (20 + 


The third term, 
gives the same result. Thus 


where the interaction constant given 


4 
i 
| 
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This the expression given Darling and Dennison (1, 133) except for 
factor the a-terms (which however does not affect the following 
calculations). 

Then obtain the energy the components doublet, the following 
determinantal equation must solved 


G, 


where 


This may written 


The solution 


The roots are thus the average the unperturbed levels, plus minus— 
one-half the square root (the square the difference the unperturbed 
levels, plus the square the separation due the interaction). 


The Resonance Interaction Triplets 


the determinant containing the interacting states must solved. 


Aix G, yy ir 


been found. similar calculation gives expression for 


and have the usual form, and and are given 


4 

| 
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The calculation exactly similar that for doublets, with replaced 


Thus 


The expression for given 


All terms when integrated are equal zero. Hence The 
determinantal equations may written 


a 


and 


Thus 


2 
a\? 


Knowing the constants and the v-values for any triplet, cubic equation 
may set and the roots found approximation. 


The Numerical Results 


Seventeen bands acetylene whose positions are known are shown 
Table the bands were used calculate the force constants, and 
taking account the interaction. These are marked 


TABLE 

9835.1* 


| 
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with asterisk. The two with the v-values (011) and (101) were not used 
the calculations these were measured with very small dispersion and 
thus their positions are not well known. 


The values the constants were thus found be, 


Ae = 1981.0 Xo = —7.2 X13 = —107.15 
X3 = 3323.87 X33 = — 36.87 = —4.5 


evident that the resonance interaction considered additional 
band will needed and and the interaction 
constant. The equations used are given below. For doublets, the general 
expression 


was used derive the equations. 


010 1973.8 (1) 
100 3373.7 (3) 

8512.1 (4) 


9835.1 (6) 


9639.8 (7) 


11782.9 (8) 


11600. (9) 


Some difficulty was encountered the solution these equations. 
The first nine can reduced the following two equations, 


. 
4 
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These can most easily solved assigning arbitrary value one the 
three unknowns. The value X23 was varied, and the constants were deter- 
mined each time and substituted into Equation (10) find the best check 
with the observed position this band. When the calculated 
position the band 12675.6 the observed position 12675.7 
this value was used. The constants are now 


33267 ly| 52.65 


When the positions the bands (011), (101), (113) are calculated, 
the values are found agree favorably with the observed positions. 


the spectrum acetylene there are also found three bands each which 
one root triplet. They are the bands (005), (015), and (105) found 
15600.2, 17518.8, and 18430.2 respectively. 

The determinant for each triplet was set and solved. The results are 
given below. 


The triplet (401), (203), and (005) has the determinant 


The roots were found 15633.8, 15841.51, and 16223.42 

For the triplet (411), (213), (015) the determinant has the same form, 
but the are now 
The roots are 17516.78, 17867.2, and 18097.23 


The determinant for the third triplet, (501), (303), (105), 


17880.2 
17720.6 


f 
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The roots are 18370.73, 18926.05, and 19235.19 


There way distinguishing between the v-values for the observed 
band each triplet, since the perturbation makes each level mixture all 
three unperturbed levels. One unperturbed level may said predominate 
each root. 


Using the values the constants found this paper, the positions 
bands not yet observed were predicted. These values are shown Table II, 


TABLE 
SUMMARY THE RESULTS 


Calculated values 


Observed 

interaction interaction 

1973.8 

3287.0 

8512.1 

5250 5256.3 5263.8 

9639.8 

9835.1 

11600.1 

11782.9 

19769.75 


which gives summary all the results. The observed positions all 
bands, including the three belonging triplets, are shown the second 
column. the third column the values are calculated using the constants 


3 
4 
| 
| 


a 
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found when resonance interaction considered. For each the three 
triplets, three values are recorded corresponding the three sets v-values. 
the fourth column the values are calculated using the constants found when 
the resonance interaction considered. For the triplets only the one root 
closest the observed value recorded, since one root can identified 
wholly with any one set v-values. 


comparing the calculated values with the observed values quite 
evident that the agreement for the fourth column much more marked 
than for the third column. Thus the results justify the assumption that the 
previous discrepancies the work acetylene were due the mutual per- 
the perturbation consideration may carried triplets further justi- 
fication the assumption. 
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SENSITIVITY AND EXPOSURE GRAPHS FOR 
RADIUM RADIOGRAPHY! 


Abstract 


The radiography steel the use the gamma rays from radium 
discussed. The thickness lead front screen which yields the maximum 
intensifying effect determined and the action the front screen discussed. 
Sensitivity curves are obtained using slotted wedge steel penetrameter for 
number the commonly used types X-ray film. shown that the 
thickness the lead front screen which produces the maximum density the 
film not necessarily the most useful thickness for gamma radiography. The 
most useful thickness determined from penetrameter sensitivity curves. 
The importance these sensitivity curves for routine gamma ray testing 
indicated. 


Introduction 


Several methods have been used the past for the selection the proper 
exposure factor required give suitable radiograph casting. The 
method developed the National Research Council Laurence, Ball, and 
Archibald (1) has been found very satisfactory for X-rays. The basis the 
method wedge penetrameter (see Fig. which slots have been cut 
whose depth any point constant percentage the thickness the wedge. 
Slots depth and 10% are usually sufficient for the adequate 
testing This wedge penetrameter then X-rayed for series 
exposures and the films developed standard way (2). Examinations 
such films will reveal that the slot observable for certain range 
thicknesses the wedge and for certain range exposure factors. This 
will discussed detail later. 

This method, which has been developed primarily for use X-ray work, 
has been extended the authors the field gamma radiography. For 
gamma radiography Nodwell and Morrison (2) have measured the densities 
obtainable with selection films for different exposure factors. Although 
their results are considerable use and interest, the authors feel that dif- 
ferential sensitivity (i.e., knowledge that flaw given percentage thick- 
ness will made visible) much greater importance. customary 
taking radiographs use lead front screen and thicker lead back screen. 
These lead screens produce certain amount intensification (i.e., increase 
density for given exposure factor) and also reduce the blurring effect 
scattered radiation. found that certain thickness lead front screen 
produces the maximum density for given thickness casting. does not 
follow that this thickness will give also the greatest differential 
sensitivity. This latter question can answered the use the wedge 
penetrameter. The intensification the front screen will discussed first 
and then the sensitivity curves. 


Manuscript received May 1948. 
Contribution from the Physics Department, University Saskatchewan, Saskatoon, Sask. 
Bursary under the National Research Council Canada. 
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The Optimum Thickness Lead Front Screens 


what follows this section the thickness front screen will 
defined the thickness which produces the maximum density the film. 
Later will see that this not the sole criterion for the choice front 
screen. 

find this thickness series steel blocks from 0.5 3.0 in. 
thick were radiographed using step wedge front screen made sheets 
lead having thicknesses 0.001, 0.002, 0.003, 0.006, 0.012, 0.018, 
0.024, and 0.030 in. immediate contact with the film and separated from 
the steel the standard Kodak cardboard film holder. series radio- 
graphs with different exposure factors was taken using film 
backed 0.030 in. lead. The radium was held brass cup wall 
thickness 0.125 in. The films were developed Kodalk for five minutes 
20° and standard agitation was carried out were measured 
Marshall densitometer and are plotted against exposure factor (mgm. 
min. per in.?) Fig. density 1.0 will transmit 0.1 the 
incident light; film density 2.0 will transmit 0.01 the incident light.) 


LEAD —-— 
0.002” LEAD 
0.003" 
0.006"L EAD —x— 


30 40 


Fic. versus exposure factor for film, developed 
20° for five minutes with standard agitation. Radium filter, 125 in. brass. Back screen, 
0.030 in. lead contact with the film. Front lead screen indicated. 


The intensification factor due the front screen defined the ratio 
two exposure factors, the first made with lead front screen and the second 
made with lead front screen, such way produce equal density 


a 
a 
293 
es 2s 
20 
2 va 
Bz 
4 


294 CANADIAN JOURNAL RESEARCH. VOL. 26, SEC. 


the film. For example from Fig. see that density 1.0 requires exposure 
factor 34.0 when lead front screen used and 25.0 when 0.003 in. lead 
front screen used. The intensification factor therefore 1.36. For den- 
sities 1.25, 1.50, 1.75, and 2.00 the intensification factors are 1.36, 1.38, 
1.37, and 1.37 respectively, giving average 1.37. way the 
intensification factors for other thicknesses the lead front screens and other 
thicknesses steel block were obtained. These are shown graphically 
Fig. will seen that the thickness the steel block increased the 


1.4 


steel 


factor versus thickness lead front screen for steel, 1/2, and in. 
thick. 


thickness lead front screen also increases. the same time 
the actual value the maximum intensification obtainable decreases slightly. 
the optimum thickness lead front screen plotted against the thickness 
steel block linear relation will result. For example the optimum thick- 
nesses lead front screens are 0.003, 0.006, 0.012, 0.018 in. for steel thick- 
nesses 0.5, 1.0, 2.0, and 3.0 in. respectively. 

give further information concerning the actual action the lead inten- 


sifying screen the following experiments were carried out using 0.50 in. 
steel block and ‘‘No film. Results similar those shown Fig. 


e 
e 
1.4 
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were obtained for number different arrangements steel, lead, Kodak 
cardboard film holder, and film indicated below. From these was found 
that density 1.50 was obtained for the exposure factors given below. 

(a) The steel was separated from the film the cardboard film holder. 
Exposure factor, 54.8. 

(b) The steel was placed direct contact with the film. Exposure factor, 
49.8 

(c) was placed immediately against the lead front screen (0.003 in. 
lead) which was contact with the film. Exposure factor, 40. 

(d) The steel was placed the film holder and the lead front screen 
(0.003 in. lead) was direct contact with the film inside the film holder. 
Exposure factor, 40.0. 

The exposure factors for (c) and (d) are essentially the same, one would 
expect owing the negligible absorption the gamma rays the cardboard 
film holder. gives intensification 1.10 over means that 
steel front screen would give intensification approximately and 
(d) give intensification 1.36 over 

The reason for this general behavior lead front screens can seen from 
the following considerations. the lower face the steel block there 
equilibrium between the electrons (photoelectrons and Compton electrons) 
and the electromagnetic radiation (gamma rays, Compton scattered radiation, 
and fluorescent radiation) all characteristic steel. The cardboard film holder 
will absorb for practical purposes all the electrons from the steel and their 
place will appear the corresponding electrons from cardboard. sheet 
lead inserted between the film and cardboard whose thickness equal 
the maximum range the electrons, then all the electrons from the card- 
board will stopped and their place will appear the electrons originating 
the lead. Since gamma rays from Radium eject essentially the same 
number Compton electrons from equal masses cardboard and lead, the 
intensification must due mainly photoelectrons. The photoelectric 
absorption lead greater than cardboard, more photoelectrons 
will produced the lead foil than were stopped, giving net intensifying 
action. When the steel block placed direct contact with the film there 
increase density over that when the cardboard casette used but 
decrease density compared with the use the cardboard casette and the 
lead front screen. This result course due the photoelectric absorption 
being greater lead than casting were being radiographed 


increase density would result the use lead front screen the 


casting could placed direct contact with the film. 

the lead front screen thicker than the electrons produced the front 
the screen will stopped before they reach the film anyway, and only 
those produced within the range the back the intensifying screen can 


7 
a 
iN 
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affect the film. The front part the foil has merely served reduce the 
intensity the gamma rays, reduction the intensifying action results. 
This general picture serves explain also why thicker front screen needed 
for thicker pieces steel. the steel thickness increased, the softer com- 
ponents from the radium are filtered out and the average range the photo- 
electrons produced increases. The maxima Fig. are however broad 
because the inhomogeneity the gamma rays from radium, and because 
the electrons are not all ejected the forward direction, nor from the 
same depth. 


Penetrameter Sensitivities Different Types X-Ray Films 


the last section the thickness lead front screen which produced the 
maximum density was considered but one primarily interested 
the penetrameter sensitivity differential sensitivity knowledge 
that flaw given percentage thickness will made visible). This was 
obtained the method described Laurence, Ball, and Archibald (1) for 
several types X-ray films and the variation this sensitivity with the thick- 
ness the lead front screen measured. All films were developed Kodalk 
20°C. for five minutes and given standard agitation radiation 
from the radium was filtered 0.125 in. brass all cases. The films 
were viewed using the methods outlined (1). 

steel wedge suitable for gamma radiography, in. long, in. wide, and 
maximum thickness in. was made and illustrated Fig. radio- 
graphs such wedge are taken using distance from source film in. 


Fic. steel wedge penetrameter. 


° 
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certain errors related the shortness this distance arise. This illustrated 
Fig. The wedge made that EF/FG PQ/QR but the film 


the slot PQ’ will appear the wedge thickness Q’R and 


Fic. steel penetrameter showing how distortion arises when short source 
distances are used. 


Hence for points along the film from the effective percentage depth 
the slot changes. Another error arises from the fact that the points along 
the film from not all receive the same exposure factor, since they are 
different distances from Corrections for these errors can made easily. 


Fig. the penetrameter sensitivity for ‘‘No film with 0.015 in. 
lead front screen and 0.030 in. lead back screen are shown both for the original 
measurements (solid lines) and when all corrections are made (dotted curves). 
The difference between these sets curves smaller than the probable error 
the measurements that for the other films corrections this kind 
were carried out. From Fig. see that under the ideal conditions obtain- 
able with the penetrameter, the slot was not visible but that the slot 
was visible steel thickness greater For the exposure 
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factor must lie between 100 and 300 order detect flaw. For 2.0 
in. steel the exposure factor should somewhere the range 200 650. 
casting consisted two thicknesses 3.0 and 1.0 in. two exposures 


Le 20 3o 40 60 80 100 oo fe] 


Fic. sensitivity curves for Kodak ‘‘No lines were 
uncorrected for distartion, while dotted lines show the results after all corrections are carried 
Front screen, 0.015 in. lead; back screen, 0.030 in. lead. Standard development. The 
percentages marked the graph give the percentage thickness the slot the wedge penetra- 
meter which can just detected. 


the casting would required one used Screen”’ film and 0.015 in. 
lead front screen. From Fig. see that exposure factors 200 and 600 
would satisfactory*. 


The effectiveness the lead front screen determining the penetrameter 
sensitivity illystrated Figs. and where results similar Fig. are 
shown but with lead front screens thickness 0.000, 0.030, and 0.060 in. 
will seen that the area enclosed within the sensitivity curve greatest 
for 0.030 in. lead front screen, and smallest for lead front screen. For 
most purposes then, 0.030 in. lead front screen the most useful for ‘‘No 
film. For lead front screen (Fig. the area enclosed the 
curve quite small showing that such sensitivity can only just obtained. 
When thick lead front screen used, scattered radiation from the casting 


The width the area course determines the allowable latitude the exposure 
factor for given thickness casting. The height the area determines the range casting 
thickness which may examined with one exposure. 


w 
4 
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KODAK NOSCREEN 
$ bross filter 


Front Screen- 


Back Screen- 0.030 lead 


THICKNESS STEEL-INCHES 


10 20 30 40 60 8O 100 200 oo 400 600 1000 
Factor 


Fic. sensitivity curves for Kodak film. Front screen, 
0.000 in. lead; back screen, 0.030 in. lead. Standard development. 


KODAK NOSCREEN 


brass filter 


Front 
Back Screen- 0.030 lead 


THICKNESS STEEL-INCHES 


10 20 30 ao 60 80 100 200 306 400 600 800 1000 


Fic. sensitivity curves for Kodak film. Front screen, 
0.030 lead; back screen, 0.030 in. lead. Standard development. 


D 
2 | > Ae 
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more severely cut down that the sensitivity which can obtained 
increased. However, when the thickness the lead front screen increased 
beyond certain value, the penetrameter sensitivity obtainable decreases. 
This illustrated Fig. Beyond certain value the lead front screen 
serves only absorb the primary beam without introducing much extra 


600 600 1000 


KODAK NOSCREEN Fitm 
filter 


Front Screen-0,060"leod 
Back Screen-0.030' lead 


THICKNESS STEEL-INCHES 
n 


20 so 40 60 100 


Factor 


Fic. Penetrameter sensitivity curves for Kodak ‘‘No film. Front screen, 
0.060 in. lead; back screen, 0.030 in. lead. Standard development. 


discrimination against the scattered radiation. Fig. illustrates the fact 
that sensitivity can obtained 0.5 in. steel block exposure 
factor from 130 250 when 0.030 in. lead front screen used. From Fig. 
saw that maximum intensification was achieved 0.5 in. steel block 
using 0.003 in. lead front screen. The great difference between the thickness 
lead front screen produce maximum differential sensitivity and that 
which gives maximum intensification shortest exposure for given 
density) quite apparent. 


Similar penetrameter sensitivity curves are shown Figs. for 
Kodak film, Kodak Blue Brand, Dupont 506, and Ansco Superay for 
variety front screen filters. The information presented Figs. 
summarized Table which shown the thickness range steel which 
can radiographed, using radium, give sensitivity and the exposure 
factor required for this sensitivity for five varieties film and for different 
thicknesses lead front screen. 
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Back Screen-0.030 lead 


0.03 


bross filter 
brass filter 


S3HON] 73316 JO 30 


Front Screen- 0.015 lead 


Fic. Penetrameter sensitivity curves for Kodak film. Front screen, 0.015 in. lead; 
Back Screen- 


Fic. 10. Penetrameter sensitivity curves for Kodak Blue Brand film. 


0.015 in. lead; back screen, Standard development. 
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Front screen, 0.015 


Front screen, 0.030 in. 
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Penetrameter sensitivity curves 
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ANSCO 


Front Screen- 0.015 lead 
Back Screen-0.030'iead 


THICKNESS STEEL-INCHES 


Fic. 13. Penetrameter sensitivity curves for Ansco Superay film. Front screen, 
0.015 in. lead; back screen, 0.030 in. lead. Standard development. 
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Fic. 14. sensitivity curves for Ansco Superay film. Front screen, 
0.030 in. lead; back screen, 0.030 in. lead. Standard development. 
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TABLE 


SUMMARY OF RANGES OF THICKNESS OF STEEL IN WHICH A 2% FLAW MAY BE DETECTED FOR 
DIFFERENT EXPOSURE FACTORS, TYPES OF FILM, AND THICKNESSES OF LEAD FRONT SCREENS 


Exposure factor, mgm. X min. /in.? 


Lead 
Film 100 150 200 400 1000 
screen, 
ae Range of thickness of steel in which 2% flaw may be detected, in. 
0.000 0.9 to 1.5 1.0to 1.75] 1.3 to2.3 2.1 to 2.9 
Kodak 0.015 0.75 to 1.1 | 0.6 to 1.6 | 0.7to2.0 1.3to2.75 | 2.7 to 3.8 
“No Screen” 0.30 0.8 to1.5 | 0.4 to 2.1 0.4to2.4 | 0.9to3.1 1.9 to 4.0 
Film 0.043 1.1to1.6 | 0.8 to1.9 | 0.6 to 2.2 | 0.6to2.4 | 0.9to2.7 1.8 to 3.5 
0.060 0.75 to 1.4 | 0.6 to1.7 | 0.6 to 2.0 | 0.65 to2.3 1.1to2.8 2.1 to 3.6 
Kodak Blue 
Brand 2% not observable 
Dupont 0.000 0.7 to1.7 1.3 to 2.8 
506 0.015 0.3 to 1.9 |0.25to2.25| 0.4to2.9 1.2 to 3.8 
0.030 0.6 to1.1 | 0.3 to 1.5 |0.25to1.75 | 0.4to2.3 1.1 to 3.2 
Ansco 0.000 0.7 to1.9 1.2 to 2.7 
Superay 0.015 0.5 to1.6 | 0.3 to 2.1 |0.25to2.3 | 0.3to3.0 1.1 to 3.9 
A 0.030 0.4 tol.4 | 0.4to2.4 1.0 to 3.8 
Discussion 


front screen 0.030 in. thick will general enable one with 
technique the maximum thickness range casting. The exposure factor 
required 100 greater. general, thicker thinner front screens will 
reduce slightly the range thickness which sensitivity may 
obtained. However for limited range thicknesses thicker lead front 
screen (0.043 in. 0.060 in.) can yield sensitivity exposure factor 80. 


Table and Figs. 11, and indicate that for most purposes Dupont 506 
and Ansco Superay should used with 0.015 in. lead front screens. For 
given exposure factor the range thicknesses which may radiographed 
give sensitivity slightly greater for Ansco Superay than for 
Dupont 506, Kodak film although the differences are very 
slight. Sections steel thinner than 0.50 in. can hardly radiographed 
give sensitivity using film. Steel thicknesses down 
0.30 in. can radiographed with technique about equally well 
exposure factor 150 for either Kodak Dupont 506, Ansco Superay 
film. These results are general agreement with those Nodwell and 
Morrison (2). 

impossible include this paper results such these for all films but 
felt that place where many castings are being radiographed, penetra- 
meter sensitivity curves this type should constructed the use 
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wedge penetrameter and that exposures castings should planned the 
basis such information rather than from graphs relating density exposure 
factor. should realized that many cases the sensitivity indicated 
Figs. cannot achieved owing scattered radiation from com- 
plicated casting, but such curves enable one plan the exposure technique 
for any casting quickly and with greater accuracy than possible other 
methods. 
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ABSORPTION MEASUREMENTS SOUND SEA 


Abstract 


Sound absorption measurements, made with diverging beam sea water, 
are given. They cover frequencies from 0.35 2.3 Mc. per second and are 
somewhat lower than those given Richardson for fresh water. Conclusive 
comparison between these results and fresh water results cannot made. 
Advantages using long distances are discussed. 


Introduction 


Owing the use sound underwater signalling and submarine detection, 
the war was responsible for considerable revival interest the absorption 
sound water, particularly the ultrasonic region. number investi- 
gators had already published results the literature which seemed indicate 
large absorption band the frequency region Mc. per sec. and lower. 
But variations factors large were fairly common, depending 
the details the particular experimental methods used. Thus frequency 
per sec., (17) gets amplitude absorption coefficient 
0.0057 Hartmann and Focke (8) get 0.014 whereas 
(16) value 0.00045 For comparison purposes, many 
data could obtained date are plotted Fig. where the amplitude 
absorption coefficient and the attenuation decibels per meter are plotted 
against the frequency. All results except the present are for fresh water. 

Since the measurements were not all made the same temperature they 
are reduced, wherever possible, 20° and this end the classical variation 
with temperature was used. From Stokes’ well known formula the amplitude 
absorption coefficient given 

where frequency, viscosity, the density, and the velocity sound 


the medium. the temperature variation will depend and 
Using the values for and from the International Critical Tables and the 


values for from references (13) and (19), the results are plotted Fig. 


For comparison purposes some experimental values from the literature are 
also shown arbitrary units. The check close the spread among 
experimenters’ values, and thus justifies the use the curve for reduction 
values the same temperature. 
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—— THEORETICAL 
PINKERTON 
+ SAUMGAROT 


TEMPERATURE 


Fic. variation function temperature. The experimental values are 

arbitrary units. 

The reproducibility for different investigators probably not poor 
Fig. would indicate. For instance, the values have been 
definitely proved too high owing radial resonances the tube (5). 
Claeys, Errera, and Sack have, fact, been able get values even higher 
than those Sérensen’s simply decreasing the diameter the tube con- 
taining the water. 

The second factor that has given rise much the discrepancy among 
the early results absorption due cavitation (15, Taylor, and 
Froman (4) have found that cavitation may begin 0.03 per cm.? and 
experiments absorption function intensity Fox and Rock (18) 
bear this out, showing increased absorption the intensity increased 
beyond about The high frequency supply used Hartmann 
and Focke was capable output 100 w., and, since efficiency 10% 
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PER METER 


Present work 


FREQ. MC. 


Fic. The absorption coefficient function frequency. The points W-W 
and P-P should really joined straight line. They were determined 


for the extreme frequencies from the average given the corresponding authors. 


f 


easily obtained with quartz resonance, this would give possible intensity 
2.5 per cm.? for their crystal. This well the cavitation region. 
Richardson, who believes that most radiation pressure methods require too 
high intensities for reliability, obtained the qualitative result that, whenever 
intensity was increased the point turbulence, the absorption coefficient 
was increased severalfold. 


The remaining points, while suggesting more nearly straight line, still 
spread out over wide range, particularly the lower frequencies. The 
following factors have been suggested possible causes the scatter 
well the discrepancy with theory: 
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(1) Energy lost from the beam owing scattering caused local 
inhomogeneities the water (e.g., crystallization). This was suggested 
Lucas (11), and Biquard (2) also claims have found evidence substantiate 
this. Richardson and Pinkerton (12), however, have detected scattered 
energies, though the latter has some secondary evidence this the change 
the ratio a(observed) a(calculated) temperatures below 15° 
Since the area over which the scattered radiation spread rather large, 
expected that this will difficult detect. probably worthy notice 
that radiation pressure detector was used Biquard and since this 
nearly nondirectional, possible that may respond radiation coming 
directly from the quartz crystal. The complicated directionality pattern 
quartz mentioned below. 

(2) The assumption plane waves usually made, yet Richardson and 
Willard (18) have shown that there appreciable amount divergence. 
Born (3) calls attention the fact that both divergence and convergence are 
possible distances generally used absorption measurements. Specific 
corrections for this have been made only Pinkerton, Willard, and Hsu (14), 
although some the irregularities are doubt smoothed out the cus- 
tomary use large detectors (see Fox and Rock, reference (18) 


(3) Another cause divergence that less easily corrected for, short 
distances, that due variations phase and amplitude across the crystal 
face. calculating directionality patterns, usually assumed that the 
amplitude and phase across the face the transmitting piston are constant. 
How far from valid this assumption may shown pictures such given 
Hiedemann (reference (9), pages and 11) Grobe (reference (7), 
page 335). Only going larger distances possible tell accurately 
what the intensity changes, due geometry, will be. 


Apparatus and Method 


The present work was done Vancouver harbor where, through the 
courtesy the Pacific (Coyle) Navigation Co. Ltd., the use their dock was 
obtained. This afforded stretch water free from obstacles, for distance 
m., where the depth varied from m., depending the tides. 
The temperature was also dependent the tides, varying approximately 
either side 10°C. This variation was not corrected for, since this 
beyond the accuracy claimed for the present experiments. 


the transmitter, X-cut rochelle salt was used. Four crystals 
in. had their in. dimension ground down 3/16 in., and were then con- 
nected series-parallel, that the in. faces were the transmitting 
faces. The crystals were mounted circular piece bakelite, 
being used stick them into place. The crystal surfaces usually protruded 
somewhat above the bakelite surface and, when the was dry, they 
were ground down flush with the bakelite. thin rubber sheet 
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surgeon’s rubber glove was then cemented over the whole face, thus effectively 
waterproofing without interfering with the cooling effect the water. 
The crystal mount was then mounted one end cylindrical brass housing. 


The cylindrical, brass, waterproof housing, in. diameter, contained 
two 6L6’s connected parallel, supply the power the rochelle salt 
crystals. They turn were driven 6AG7 tube also contained the 
same housing. Resistance plate loads were used throughout but effort 
was made secure fiat frequency response. The power and signal were 
supplied through cables from above water, Clough Brengle signal generator 
being used source the desired frequency. 

The receiver was made small piece crystal with dimensions 
the larger face being the receiving face. This was set polystyrene 
and covered with polystyrene film, and then mounted the end pre- 
amplifier housing, similar the transmitter but smaller. The receiver was 
made small that would not have too sharp directionality pattern and 
would thus facilitate the search for the center the sound beam 
amplitude variations due slight changes orientation. 


The preamplifier consisted two 6AC7’s, the first one being used 
amplifier while the second, connected cathode-follower, fed concentric 
line the amplifier above. The main amplifier was superheterodyne all- 
band receiver with the audio stage removed. The a.v.c. voltage was con- 
trolled manually means potentiometer, thus permitting the gain 
changed will. 


The procedure consisted mounting the transmitter depth about 
m., depending the tides, and sending the beam parallel the floating 
dock toward the receiver. The receiver was mounted the end long 
pole. was not assumed that the center the beam was along the line 
perpendicular the crystal face, but the procedure involved rather search 
for maximum reading the detector, the two co-ordinates perpendicular 
the approximate beam direction were varied. The distance between 
transmitter and detector was varied between m., and since the sound 


pressure measurements two distances will enable the calculation the 
amplitude absorption coefficient the sound pressure distance 
from the receiver. readings were taken for the same frequency 
and the error calculated statistically from the fluctuations these readings 


about the mean. 
Discussion Results 


The comparison the present salt water results with those for fresh water 
cannot made without some justification, and this lies mainly the con- 
tradictory results the literature. Claeys, Errera, and Sack found decided 
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increase the absorption coefficient with increasing salinity, that for sea 
water (which 3.0% salt, about 0.5 mole per liter) should very 
nearly doubled. Buss (18) the other hand finds that 6.6% sodium chloride 
added water has appreciable effect but that higher concentrations 


will cause drop this value. His actual values for seem very high but 
should still serve show the effect (18) checks the values 
Buss approximate way, also getting decrease absorption with 
increased salinity. However, the effect small that 3.0% solution 
should not differ more than from fresh water any the frequencies 
that used. 

Thus, the results Buss and Riifer may accepted then, within the 
accuracy claimed, the present results may compared directly with fresh 
water results. the results Claeys, Errera, and Sack are given more 
weight, then the present results can only considered give upper limit 
and would approximately high. 

The values obtained for are given Table together with the corre- 
sponding statistical errors (calculated from the deviation from the mean). 
The figures the fourth column are those for corrected 20° according 


Fig. and are the ones plotted Fig. mean value for 20° 
about 71, and, the values for the lowest and highest frequency are 


neglected owing the large error, then the average comes 70. 


TABLE 


ABSORPTION COEFFICIENTS FOR VARIOUS FREQUENCIES 


0.355 0.080 0.92 0.35 0.66 103 
0.450 0.092 1.06 0.18 0.76 
0.550 0.138 1.59 0.12 1.13 
0.65 0.161 1.84 0.09 1.31 
0.75 0.233 2.90 0.09 2.07 
0.80 3.24 0.14 2.32 
0.90 0.350 4.03 0.14 2.88 
1.00 0.360 4.15 0.28 2.97 
1.08 0.440 5.10 0.60 3.60 
1.20 0.520 6.00 0.37 4.30 
1.45 0.720 8.30 0.37 6.00 
1.70 1.38 15.9 +1.5 11.3 
2.30 1.61 18.4 +5.8 13.1 


seen from the graph, the values check quite closely with the results 
Richardson and those Claeys, Errera, and Sack, who made measurements 
this frequency region. Before definite conclusions can drawn from this, 
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will necessary repeat these experiments fresh water, least deter- 
mine more conclusively the effect salt the absorption coefficient water. 


One the reasons for fluctuations, particularly low frequencies, was the 
reflection from the surface and bottom. This fact set the lower limit 
the frequencies that could used and still result reasonably consistent 
readings. The amount surface reflection was usually judged the 
fluctuations the meter reading caused waves and ripples when both 
transmitter and receiver were fixed. Bottom reflections were not, course, 
easily detected. reflections can expected cause considerable 
trouble below 500 kc. for the water depths used, particularly since becomes 
more necessary get accurate readings owing the decreasing absorption 
coefficient. 


The high frequency limit was set the fact that the directionality pattern 
became very complicated and the main beam might make any angle within 
20° with the transmitter axis. Large side lobes would appear and show 
axial This made the hunt for the center the beam difficult 
and resulted the large error shown the reading the highest frequency. 
Furthermore, since the distances these high frequencies have made 
necessarily shorter obtain any signal, the correction for the difference 
location the actual source and the effective source (the latter actually 
behind the former, see reference (20) becomes quite important. Since this 
fact was not taken into account, the values the highest frequency may 
expected too low. 


planned continue experiments using relatively distances, 
both fresh and salt water. 
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THE y-RAYS THORIUM 


Abstract 


least two energy level schemes have been proposed for the ThC’ nucleus, 
which excited the ThCC’. That Ellis (1933) includes 
three energies 0.726, 1.62, and 1.80 Mev., the 1.62 Mev. ray being 
doubtful. The level scheme Latyschev and Kulchitsky (1940) has eight 
including one energy 2.2 Mev., for which corresponding long-range 
a-particle group has been observed. The two level schemes lead widely 
differing values for the total y-ray energy ThCC’. the present investi- 
gation value for the total y-ray energy ThCC’ has been obtained measur- 
coincidences between the ThCC’ and the subsequently emitted 
a-particles ThC’. shown that this value (0.14 Mev.) favors the level 
scheme Ellis, including only the energy 0.726 and 1.80 Mev., and 
taking the former electric quadrupole. was found that under certain 
conditions the external bremsstrahlung excited the ThCC’ the 
source-holder contributed appreciably the coincidence rate. Precautions 
were taken minimize this 


Introduction 


the ThC ThC’, the product nucleus may, 
certain fraction the disintegrations, left excited state. The de- 
excitation process occurs, according Gamow (15), one two ways. 
Either the excitation energy carried off the subsequently 
emitted ThC’, thus giving rise long range group the 
nucleus falls lower energy level emission y-ray. close relation- 
ship between energies y-rays and energy differences such groups 
a-particles, therefore, would expected. 


Accurate measurements the energies ThC’ were first made 
Rosenblum and. Valadares (25), who observed four groups corresponding 
disintegration energies 10.72, 9.78, 9.63, and 8.94 Mev. From the 
energy levels giving rise these groups might expect energies 
1.78, 1.09, 0.94, 0.84, 0.69, and 0.15 Mev. originating from ThCC’. Further 
measurements were made Rutherford, Wynn-Williams, Lewis and Bowden 
(27), and later Lewis and Bowden (23), using improved techniques. The 
latter authors were able detect only groups corresponding 
disintegration energies 10.744, 9.673, and 8-947 Mev., suggesting ‘y-rays 
energies 1.797, 1.071, and 0.726 Mev. 


Some measurements have also been made the y-rays ThCC’. 
(12, 13), using semicircular focusing magnetic spectrograph, examined the 
internal conversion electrons thorium active deposit (ThB 
Among the y-rays which identified were three which attributed 


These are quantum energies 1.802, 1.623, and 0.726 Mev., 
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which the first and last are agreement with the measurements Lewis and 
Bowden. The energy level scheme proposed Ellis the basis these 


& -PARTICLES PARTICLES 


Fic. Energy levels nucleus proposed (a) Ellis and (b) Latyschev and 
Kulchitsky. Heavy lines denote a-particles, fine lines y-rays. 


Alichanov and Dzelepov (1) examined the positron spectrum thorium 
active deposit, using semicircular focusing magnetic spectrometer, with two 
Geiger-Miiller counters coincidence. They identified hard y-rays 
energies 2.20, 1.80, 1.60, 1.50, and 1.35 Mev., which they attributed the 
transition ThCC’. Measurements Latyschev and Kulchitsky (22) the 
recoil electron spectrum due the from thorium active deposit con- 
firmed the measurements Alichanov and Dzelepov the energies these 
hard y-rays. The two sets results from the Russian workers establish the 
multipolarities and intensities these radiations. The error the intensity 


particular importance the fact that these workers observed 2.2 Mev. 
y-ray which they attributed ThCC’. such excitation level present, 
one would expett find long range group corresponding 
disintegration energy 11.15 Mev. Since the probability emission 
long range @-particle increases more rapidly with excitation energy than the 
probability the alternative process emission, this group 
should easily detectable, whereas Rutherford, Wynn-Williams, 
and Lewis (26) found, special search for energy greater than 
10.7 Mev., none having intensity greater than 1/10,000 the 10.7 Mev. 
group. level scheme for ThC’ proposed Latyschev and Kulchitsky 


order obtain further data this problem, the authors undertook the 
measurement the total y-ray energy emitted per disintegration ThCC’. 


MEV. MEV. 
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The total y-ray energy expected, according the two level schemes, will 
the sum contributions from all the y-rays which are given each Tables 
and II. The intensities the hard radiations are those given the 


TABLE 


Harp* THCC’ SUGGESTED LATYSCHEV AND (22) 


Energy 
Mev. 

0.027 Dipole 0.060 
0.033 Quadrupole 0.060 
1.60 0.054 Quadrupole 0.086 
0.020 Dipole 0.030 


addition, there would contributions from low energy there has been 
identification low energy arising from ThCC’, only the contribution the 0.726 
Mev. y-ray (see Table will added evaluating the total y-ray energy. 


TABLE 


Energy 
1.80 0.033 Quadrupole 0.060 
1.62 0.054 Quadrupole 0.088 
0.726 f0.110 Quadrupole 0.080 

Dipole 0.246 


Russian workers. For the 0.726 Mev. radiation, the intensity calculated 
from the measurements Flammersfeld (14) using the theoretical internal 
conversion coefficients Hulme (19) and Taylor and Mott 
values are given in. quanta per disintegration ThC’. 

recent measurement Johansson (20), who found the intensity the 
0.726 Mev. y-ray 0.2 quanta per disintegration ThCC’, does not 
enable decide between the electric dipole and quadrupole values but 
sufficient rule out the possibility this ray being magnetic dipole, which 


case the intensity would much lower. 


The various possible values for the total y-ray energy per disintegration 
according the above level schemes are summarized Table III. Since the 
multipolarity the 0.726 Mev. y-ray uncertain, the values Table III 
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have been calculated for two possibilities, electric dipole and electric quad- 
rupole. the last row Table the total y-ray energy has been evaluated 
the basis Ellis’s level scheme, but omitting the contribution from the 
1.62 Mev. y-ray, the origin which has not been established (13). 


TABLE III 


PossIBLE VALUES FOR TOTAL ‘Y-RAY ENERGY THCC’ 


Total energy Mev. 


Level scheme according to: 0.726 Mev. ray is: 


Dipole Quadrupole 
Latyschev and Kulchitsky 0.508 0.342 
Ellis 0.394 0.228 
Ellis (excluding 1.62 Mev. radiation) 0.306 0.140 


Experimental Method 


The total y-ray energy was determined observing coincidences between 
the y-rays ThCC’ and the ThC’D which are subsequently 
emitted with half-period about 0.3 order ensure that 
coincidences were lost the interval between emission and 
was necessary make the resolving time the coincidence mixer greater 
than this interval. resolving time was therefore varied between 0.6 and 
and only those results used which lay the flat portion the curve 
efficiency vs. resolving time (see Fig. 4). The source used was thorium 
active deposit, and the were removed absorption. 


Under these conditions, the counting rate given (10) 


where the number disintegrations ThC unit time, 0.65 the 
fraction this number disintegrating produce ThC’, and the efficiency 
the a-counter. The counting rate for the y-counter given 


i Jj 


where and €,, are respectively the intensity and the efficiency the 
for y-ray and are the corresponding quantities for 
bremsstrahlung quantum and the counting rate due y-rays other 
than those ThCC’. The bremsstrahlung will discussed subsequently. 

The total coincidence rate, which includes coincidences between ThC’D 
a-particles and ThCC’ y-rays, plus those between ThC’D and 
bremsstrahlung arising from ThCC’ given 


Te = 0.65 N (2 pi + Pi) + 2TQ ’ (3) 
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where the resolving time the coincidence mixer, and the last term the 
right hand side due random coincidences. Dividing Equation (3) 
Equation (1) yields the relation 


Ya 

The right hand side Equation (4) gives the total efficiency the 

for all y-rays and bremsstrahlung coincidence with the 

For given geometry, the efficiency thick-walled brass 
proportional (within about 6%) the quantum energy the radia- 
tion, particularly the region interest for this work, i.e., 0.5 2.6 Mev. 
(9, 10, Considering unit intensity, have 


K ’ (Sa) 


where the quantum energy incident y-ray and constant. 
When the radiation consists several components different intensities 


Putting where the total y-energy ThCC’ y-ray per 
disintegration ThCC’, and using Equation (4), get the simple expression 


(6) 


where represents the correction due bremsstrahlung. 
(7) 


where denotes the total efficiency the for the ThCC’ y-rays. 
can determined calibration with sources known and the 
remaining quantities the right hand side-of Equation (6) are measurable. 


APPARATUS 


The were counted with preportional counter constructed 
brass tubing and filled with argon, having central mica window 2.72 mgm. 
per sq. cm. thick. absorb the screen 
aluminum thickness 7.01 mgm. per sq. cm. was placed between the source 
and the window, giving total 9.73 mgm. per sq. cm. The pulses were 
amplified high-gain broad-band amplifier before passing the coin- 
cidence mixer. ‘y-rays were detected Geiger-Miiller counter con- 
ventional design constructed brass tubing wall thickness 1/16 in. and 
filled with mixture argon and ethyl alcohol. two stage amplifier was 
used amplify the pulses before passing the mixer, which 
contained the usual Rossi circuit. Scales 128 were used record the total 
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number y-counts, and coincidence counts over periods ranging 
from hr., from which counting rates were calculated, corrections being 
made for decay the source. 

Sources thorium active deposit were prepared deposition one side 
only small pieces platinum (0.10 gm. per sq. cm.) and aluminum (0.17 
gm. per sq. cm.) foil, vessel containing emanating preparation radio- 
thorium. The foils were mounted fixed distance cm. from the 
with the active surface close the window the 
Fig. shown the geometrical arrangement the counters. 


%-counter 


filter source-holder 


centimeters 


Fic. Arrangement the counters. 


The y-counter was calibrated measuring its efficiency for y-rays from 
source, keeping the geometrical conditions the same 
cidences were observed between the B-rays and y-rays Co®, the B-rays 
being detected thin-walled Geiger counter. The efficiency the 
was then determined dividing the coincidence counting rate (corrected for 
random coincidences and cosmic ray background) the counting 
rate. known emit one and two y-rays average energy 
1.20 Mev. per disintegration (8). 

was considered that spurious increase the coincidence rate might 
that the recoil electron entered the while the scattered y-quantum 
actuated the y-counter. simple calculation showed that such effect 
were present, the ratio the B-y coincidence rates for the source 
would less than This ratio was measured separate experiment, 
and change was observed when absorbers were placed prevent scattered 
from the actuating the y-counter. 
concluded that appreciable error calibration could have been caused 


such process. 

The possibility obtaining coincidence counts between and the 
X-rays caused absorption the was also considered. Calculations 
showed that this would have negligible effect the measurements. 
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The mean value obtained from measurements the efficiency the 
for the y-rays Co® was (1.54 0.02) Since there 
are two per disintegration, mean energy 1.20 Mev., this gives for 


CALIBRATION THE WITH THORIUM ACTIVE SOURCE 


independent calibration the y-counter was obtained measuring the 
counting rate, with the same geometry before, due from thorium 
active deposit source known strength. The leakage rate ion chamber 
due the from this source was compared with that due radium 
standard; the source strength was calculated from these data, using the value 
found Shenstone and Schlundt (28) for the relative strengths ThC and 
sources equal y-ray activity. The y-rays ThB were removed 
filtration through lead. 

Since the standard was about times stronger than the thorium 
active deposit, ion chamber was used with the thorium active deposit 
which was about times more sensitive than that used with the radium. 
The sensitivities the chambers were compared later. Both chambers were 
constructed aluminum; one was filled with argon and the other with 
hydrogen, both pressure atm. The leakage rates were measured 
with quartz fiber electrometers. 


The results three sets measurements are given Table IV. 


TABLE 


CALIBRATION OF Y-COUNTER WITH THORIUM ACTIVE DEPOSIT SOURCE 


Trial Source strength, disint. rate, 
ThB per sec. counts per min. efficiency 

Mean 9.0 +0.6 


The total y-ray energy thorium active deposit has been measured 
Gray (17) who found the value 1.44 Mev. per disintegration ThC. 
Using this figure, together with the efficiency quoted above, gives value for 
the calibration constant (1.60 0.11) This value agrees with- 
the experimental error with that (1.56 0.02) obtained using 
source. 


The weighted mean the two values 


j 
J 
, 
. 
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Corrections for Bremsstrahlung 


the outset this investigation, the very low result ultimately obtained 
for the total y-ray energy ThCC’ was not foreseen, and hence was not 
expected that corrections for bremsstrahlung arising from absorption 
ThCC’ the source-holder would important. The source-holders 
were therefore chosen without consideration the maximum range the 
electrons. view the low result, however, later appeared necessary 
estimate the magnitude this effect, and subsequently adjust the experi- 
mental conditions order reduce toa inner and outer 
bremsstrahlung have considered. 


The phenomenon inner bremsstrahlung has been investigated theoretically 
Knipp and Uhlenbeck (21) and experimentally other workers (29, 31, 
36). The results Knipp and Uhlenbeck were used calculate the inner 
bremsstrahlung ThCC’. The effect the results will small. The 
value obtained the calculation will indicate only the correct order magni- 
tude, since the calculation makes use the Born approximation, which holds 


2 


35) 


good only 


ks(k) 


Fic. Inner bremsstrahlung the transition 


total energy radiation having quantum energy between and k+dk, where 

0 

light quantum will emitted the energy range between and k+dk, and 

obtained summing over all possible energies for the electron. 
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where the probability obtaining disintegration electron 
energy W., denotes the probability per unit energy range electrons 
for production radiation quantum energy and the maximum 
energy the (including the rest mass electron). The 
B-ray distribution used these calculations was that Richardson and 
Leigh-Smith (24), which discussed below. numerically integrating the 
curve Fig. the value obtained for the total energy the inner brems- 
strahlung was found 1.76 kev. per disintegration ThCC’. This 
clearly negligible. 

The outer bremsstrahlung arises from absorption the energy the 
external atoms and mode energy dissipation alternative 
ionization collision. Measurements have been made the outer brems- 
strahlung from different absorbers and for various sources B-rays (2, 16, 29, 
30, 32, 36), and the process has also been treated theoretically Bethe and 
Heitler (3, The total bremsstrahlung arising from the stopping all the 
electrons thick plate can calculated using the formulae Bethe and 
Heitler and the energy spectrum. 

the case absorber thickness less than the maximum range, 
necessary subtract the bremsstrahlung which would produced the 
same material those electrons which have passed through the absorber. 
make such calculation, necessary determine the energy spectrum 
these electrons. This was done the following manner. The most 
probable energy the electrons was obtained with the aid Bloch’s (4, 
theory; their energy distribution was determined extrapolation the 
data White and Millington (35), and their number was found combina- 
tion these data with the results Chadwick (7) and the absorption measure- 
ments Varder (34). 

The distribution ThCC’ was taken the sum Fermi curves 
corresponding partial spectra with maxima 2.248, 1.522, 0.625, and 
0.446 Mev.; the total was taken from the results Richardson and Leigh- 
Smith. The Fermi curve was used preference other distributions, 
because the latest measurements using refined techniques have 
been close agreement with Fermi distributions, especially the higher 
energy portions, which are greatest interest bremsstrahlung calculations. 
The largest contribution the bremsstrahlung made the partial spectrum 
with maximum energy 2.248 Mev., which must comprise least 80% 
the ThCC’ Omitting the partial spectrum with maximum energy 
0.625 Mev. (corresponding the 1.62 Mev. level) and decreasing the 
intensity the partial spectrum maximum energy 1.522 Mev. (correspond- 
ing the 0.726 Mev. level), from 0.14 0.08, conformity with the con- 
clusions this work, will not therefore affect the bremsstrahlung calculations 
any appreciable extent. 

Initial measurements were made using source-holders platinum foil (0.10 
gm. per sq. cm.) and aluminum foil (0.17 gm. per sq. cm.). These thick- 
nesses are not sufficient absorb all the B-rays, some which reached the 
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wall. While possible calculate the effect the y-counter 
the bremsstrahlung arising from the source-holder, the effect due brems- 
strahlung excited the counter wall cannot estimated. later measure- 
ments, therefore, all the emergent from the aluminum source-holder 
were absorbed plate Lucite (polymethylmethacrylate). The 
mental results obtained under these three sets conditions are shown 
Fig. and the results the calculation the effect the y-counter the 
external bremsstrahlung excited the source-holder are given Table 


TABLE 


CALCULATED VALUES FOR OUTER BREMSSTRAHLUNG EXCITED THE 
SOURCE-HOLDER (PER DISINTEGRATION THCC’) 


Foil Thickness, gm./sq. cm. Outer bremsstrahlung, kev. 


Platinum 0.10 
Aluminum 0.17 


has been well established that the intensity outer bremsstrahlung 
proportional the atomic number the target substance (29, 31, 36, 2). 
Hence all calculations were first worked out for aluminum, and the required 
result was obtained merely multiplying this the ratio the atomic 
number the absorber that aluminum. 

The bremsstrahlung excited the Lucite estimated 0.6 kev., which 
together with the inner bremsstrahlung 1.76 kev., gives total correction 
when both aluminum and Lucite absorbers are present, kev. 

Several factors limit the accuracy these figures. The results Varder, 
which were used obtain the distribution curve for the transmitted 
hold accurately only for the geometry which used, since the distri- 
bution the transmitted changes with angle the work 
White and Millington, foils were used having thicknesses maximum 
mgm. per sq. their results the thicknesses used 
this work probably introduced another source error. However, felt 
that the error these calculations should not greater than 20%. 


Results 


The experimental data obtained are shown Fig. Efficiency values 
the y-counter for ThCC’ are plotted against the resolving time the 
coincidence mixer. The upper and center curves are based data obtained 
using platinum and aluminum foil source-holders, respectively. The lower 
curve was obtained when the transmitted through the aluminum foil 
were absorbed Lucite before reaching the y-counter. has been corrected 
for absorption the 0.726 Mev. y-ray the Lucite. taking the average 
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value for the efficiency, given Column Table VI, only those points 
the flat portion the curve, i.e., for which the resolving time was greater 
than were used. 


THE UPPER & MIDDLE GURVES HAVE BEEN 
DISPLACED UPWARDS 0.8 & 0.4 RESPECTIVELY 


—+ 
-PLATINUM SOURCE HOLDER 
-ALUMINUM SOURCE HOLDER 


ALUMINUM SOURCE HOLDER 
WITH LUCITE ABSORBER 


2 
a 
| 
+ 


RESOLVING 
Fic. Experimental data the efficiency the for y-rays 

Table are given the mean values the y-counter efficiencies the 
three cases, with the values total y-ray plus bremsstrahlung energy cal- 
culated from these efficiencies. Only the third case, using aluminum 

TABLE 
EXPERIMENTAL RESULTS THE TOTAL ENERGY THCC’ 


Calibration constant for the y-counter: (1.57 0.02) 


Total y-ray Bremsstrahlung Total y-ray 


Efficiency 
1.14 0.02 0.178 0.007 0.026 0.152 0.007 
1.04 0.03 0.160 0.006 0.008 0.152 0.007 
Al* 0.94 0.03 0.147 0.006 0.008 0.139 0.006 


With Lucite absorber 1.4 gm. per sq. cm. 
Calculated values bremsstrahlung considered good 20%. unknown amount 
bremsstrahlung, which originates the wall the counter, must added the first two cases. 


source-holder and Lucite screen, the correction for bremsstrahlung known 
completely, hence only this case the value calculated for the total y-ray 
energy ThCC’ accepted. 


2.4 
-2 
| | 
| | : | | } 
/ | | | | 
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Although the experiment was not sufficient precision determine the 
amount bremsstrahlung accurately, least the order magnitude was 
found agreement with calculated values. For example, the decrease 
bremsstrahlung changing the source-holder from platinum aluminum, 
obtained from Column Table VI, kev., which agrees 
order magnitude with that kev. found from Column 
comparison neglects the difference bremsstrahlung due the transmitted 
B-rays for the two cases. According the data Column the net brems- 
strahlung due these impinging the wall the y-counter 
kev., that such difference small and probably masked the uncer- 
tainty measurement. 


The most probable error the determination the y-counter efficiency for 
the case where the Lucite absorber was used, 2.6%, and that for the constant 
calibration 1.3%. These give experimental precision about 
the total y-ray energy (Column 3). Added this will error about 
which introduced through the assumption that direct proportionality 
exists between the y-counter efficiency and the quantum energy the incident 
radiation. Hence the final result considered accurate within 10%. 


Thus, the total the y-rays ThCC’ 0.14 0.014 Mev. per disinte- 
gration ThCC 


Discussion Results 


Applying Gamow’s hypothesis the measurements Lewis and Bowden, 
found that the ThC’ nucleus has two levels excitation. These occur 
1.797 and 0.726 Mev., and may give rise y-rays having energies 
1.797, 1.071, and 0.726 Mev. 


The measured value for the total y-ray energy emitted per disintegration 
ThC’ 0.14 Mev., and good agreement with the calculated value 
0.14 Mev. (see Table computed the assumption that only the 1.80 
and 0.726 Mev. originate the ThC’ nucleus and that both are 
electric quadrupole. Addition the 2.20 Mev. radiation would give total 
energy 0.200 Mev., which considerable disagreement with the measure- 
ments. 


The present measurements indicate, therefore, that the energy level scheme 
for the ThC’ suggested the Russian workers too complex and 
that there evidence support the presence 2.20 Mev. level 
excitation. 


Measurements were well advanced before was realized that some the 
recorded coincidences were between the bremsstrahlung and 
Therefore, stated above, only the data obtained with aluminum source- 
holder and Lucite absorber have been utilized. The first two sets data, 
however, give indication the amount bremsstrahlung present, and 
this seen the same order the calculated amount arising from the 
source-holder only (Table V). more satisfactory arrangement would have 
been make the source-holder from material low atomic number, and 
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thick enough absorb all the electrons from ThC. The observations 
bremsstrahlung show the importance considering this phenomenon when 
the coincidence method used investigate low intensity. 
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